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Foreword

Thisisthe second edition of areport issued by the U.S. Environmental Protection Agency on the
environmental impacts of transportation in the United States. This report compiles national-level
data on the effects of transportation on all environmental media— air, water, and land — and
highlights environmental statistics that can be used to assess the magnitude of transportation
impacts and track trends over time. It addresses a broad range of transportation-related activities,
including infrastructure construction, vehicle and equipment manufacture, travel, operations and
maintenance, and disposal. The document is designed as a reference for policy-makers,
researchers, and others interested in the multi-mediaimpacts of our nation’s transportation
system.

This report was prepared under contract #68-W4-0041 for the U.S. Environmental Protection
Agency, Office of Policy, Energy and Transportation Sectors Division, by Hagler Bailly
Services, Inc. EPA is pleased to acknowledge the input received during the initial report
preparation process from representatives of the U.S. Department of Transportation (Office of the
Secretary, Bureau of Transportation Statistics, Federal Aviation Administration, Federal
Highway Administration), the U.S. Department of Energy, and the Center for Transportation and
the Environment at North Carolina State University.
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1. INTRODUCTION

1.1 BACKGROUND

Although the nation’ s transportation system provides awide range of benefits, it al'so generates
unintended adverse impacts on environmental quality and human health. Since the late 1960s and early
1970s, increased recognition of environmental and health problems has led to significant policy actions
aimed at reducing these impacts. Legislation on clean air and water, protection of environmentally
sensitive habitats and species, noise control, and regulation of hazardous materials transportation, among
others, have been successful in addressing some transportation impacts.

This report discusses transportation’ s impacts on the natural environment and provides quantitative
estimates of those effects at a national level. It provides a comprehensive compilation of dataon al of the
environmental implications of the transportation sector. The document addresses al primary modes of
transportation in environmental media and covers awide range of transportation activities —
infrastructure construction, vehicle maintenance, travel, operations and maintenance, and disposal. This
document presents data that can be used as "indicators" of the magnitude of environmental problems
associated with transportation.

PURPOSE

EPA intends this document to serve as aresource for transportation and environmental decisionmakers,
researchers, and the public. The report compiles statistical information from many environmental data
sources and identifies information that can be used to track environmental performance. EPA has three
goalsfor this document:

1) To describethefull range of environmental impacts associated with transportation,;
2) Toidentify quantified national-level data on these impacts; and
3) Toassess gapsin data and limitations of various indicators.

Thisisthe second edition of EPA’s compilation of environmental indicators for the transportation sector.
Sincethefirst version of this report was completed in 1996, alarge amount of new environmental
information has become available. Environmental databases have been updated, methodol ogies have been
revised, and new studies have been conducted. This document updates the environmental data and has
been restructured to improve the presentation and discussion of environmental indicators.

SCOPE OF STUDY

When people think about the environmental impacts of transportation, they often think about habitat loss
from road construction and air pollution from motor vehicle use. They often fail to consider other
environmental consequences associated with transportation, such as the impacts of vehicle manufacture
and supporting facilities. This study is unique in its attempt to quantify the full range of environmental
impacts caused by transportation. It examines the full range of environmental consequences associated
with four modes of transportation and for the transportation sector as awhole. The"life-cycle" of
transportation activities and facilities is examined, although some upstream and downstream effects are
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not emphasized. This study attempts to address the full range of environmental issues associated with
transportation at a summary level.

MODES OF TRANSPORTATION

This report presents environmental information for four modes of transportation:
Highway - The highway system includes road infrastructure, and on-road motor vehicles,
including automobiles, light-duty trucks, buses, and freight trucks.

Rail - Therail system includes intercity passenger rail (Amtrak), rail transit (light rail, heavy rail,
and commuter rail), and freight rail.

Aviation - The aviation system includes general and commercia aviation.
Maritime - The maritime system includes water-borne freight, as well as passenger ferries and
recreational boats.

In addition, this report compiles data on environmental impacts for the transportation sector as awhole,
and identifies the contribution of travel and transportation-related industries in comparison to other
sectors of the economy.

LIFE-CYCLE OF TRANSPORTATION ACTIVITIES

This report addresses the life-cycle of transportation activities and facilities:
I nfrastructure construction - Construction and development of transportation facilities, such as
roadways, railways, airports, and navigation channels;

Vehicle manufacture - Production of vehicles and parts (including motor vehicles, railcars and
locomatives, aircraft, and ships and boats);

Trave - Vehicle operations to transport people and goods;

Operations, maintenance and support - Activities to support travel, such as application of
deicing chemicals, aswell as operation of facilities to support travel, such as gas stations, airport
terminals, and marinas; and

Disposal - Disposal or recycling of vehicles, parts, and facilities.

The upstream effects from fuel processing, storage, and distribution are also discussed briefly.

ENVIRONMENTAL CONSEQUENCES

This report examines the effects of transportation on al environmental media— air, water, and land.
Because pollutant releases can have multi-media effects, this report generally presents environmental
information by pollutant. It addresses:

Criteria air pollutants —Pollutants that adversely affect human health and welfare: carbon
monoxide (CO), ground level ozone (O3) and its precursors, lead (Pb), nitrogen dioxide (NO,),
particul ate matter (PM), and sulfur dioxide (SO,);




INTRODUCTION

Toxics — Pollutants that cause or may cause cancer or other serious problems, such as
reproductive effects or birth defects, or adverse ecological effects;

Greenhouse gases — Compounds that contribute to global climate change by trapping heat
within the Earth’ s atmosphere: carbon dioxide, methane, nitrous oxide, and several other
compounds,

Chlorofluorocarbons and stratospheric ozone depletion — Man-made chemicals that are
known to depl ete stratospheric ozone;

Habitat and land use — Adverse effects on wildlife, ecosystems, and endangered species such
as habitat destruction or fragmentation;

Water quality and aquatic resources — Adverse effects to the water quality in lakes, streams,
rivers, or groundwater and the ecosystems that depend on them;

Hazardous materials incidents — Releases of hazardous materials during transportation;

Noise — Unwanted sounds that interfere with communication or cause adverse health effects;
and

Solid waste — Disposal of materials and parts through recycling, reuse, or shipment to landfills.

IMPACTS DE-EMPHASIZED OR EXCLUDED

We have limited the scope of this study to the direct impacts of transportation infrastructure and activities.
It does not address the full indirect, upstream, downstream, and historical impacts. Impacts de-
emphasized or excluded include:

Certain long-run and cumulative impacts — For example, no analysis of the historical
destruction of wetlands and forests to build existing highways or the environmental benefits that
would accrue if land use reverted to historical uses;

Upstream impacts — Some examination of the manufacture of vehicles, but not raw inputs from
the steel or chemical industries; limited evaluation of gasoline/ail refining;

Downstream impacts — Some consideration of the disposal of tires, waste oil, and vehicles, but
not afull analysis of al disposal impacts, such as wastes resulting from airport operations or
industrial processes;

Indirect impacts— No analysis of the effects associated with industria or residential
development that may occur near new transportation facilities;

Local impacts— No analysis of impacts in specific watersheds, urban areas, or regions,
Cultural, aesthetic, and social impacts — No analysis of these impacts; and

Resour ce depletion impacts — Nonrenewable resource depletion (e.g., use of fossil fuels by
motor vehicles) is not addressed as a separate issue because it does not damage the environment
per se.

REPORT STRUCTURE

A number of changes have been made since the original edition to improve the report’s utility. They
reflect input from a panel of environmental experts from the U.S. Department of Transportation, U.S.
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Department of Energy, and academic institutions who were asked to provide input on the organization of
the report. They include:

More focus on national statisticsthat can serve asindicators— This report focuses solely on
environmental datathat reflect national impacts; local examples are not presented in this report.
In addition, the report presents trend data where avail able to provide a measure of progress and
direction.

More focus on context — Context isimportant in determining how problematic environmental
impacts are and how much progressis being made. For example, the share of impacts from
transportation sources affects how much importance should be placed on these effects (e.g., if a
transportation source is avery small share of total releases, we may assign lessimportance to
controlling this source). Exposure to pollution and resulting health and welfare impacts affect
the importance of pollutant releases (e.g., if most areas of the nation attain air quality standards
for lead, emissions of lead from aircraft may not be a significant health issue). Finaly, when
examining environmental impacts, it isimportant to be aware of the level of activity producing
the effect (e.g., significant reductionsin air pollutant emissions from motor vehicle travel are
more striking given rapid increases in vehicle travel).

More focus on data issues — The report includes a discussion of the major databases and data
sources available. It highlights the limitations and weakness in these sources, aswell asgapsin
environmental information.

Compilation of the impacts of the entire transportation sector — The report includes a chapter
that summarizes the full transportation sector contribution to each environmental issue. Inthe
initial edition of this report, impacts were addressed only in separate chapters for each mode of
transportation, which did not allow for easy review of the total impact of transportation or
comparisons of modal impacts. Although a number of reviewers suggested more modal
compa{isons, comparisons of effects per passenger mile or ton mile are not included in this
report.

Thisreport is structured as follows:

Introduction

Chapter 1: Introduction — The report begins with a brief introduction to environmental indicators,
discusses the strengths and weaknesses of various types of indicators, and presents information on data
availability and limitations.

Transportation Environmental Indicators

Chapter 2: Transportation Indicators Summary — This chapter is organized by environmental topic and
summarizes the contribution of transportation as a whole to each impact, as well as the contributions of
specific transportation sources (e.g., modes and sub-modes).

! Effects per passenger mile or ton mile may vary significantly in different places, by time of day, and by type
of trip. Also, the modes are not exact substitutes for each other; the levels of service on the modes differ and
the types of trips and types of freight carried by each mode differ. Given the level of effort required for this
compilation and distinct nature of the research, the U.S. Environmental Protection Agency will undertake a
separate research effort to develop such comparisons.




INTRODUCTION

The report goes on to provide more detail on environmental impacts associated with each mode of
trangportation. Each chapter presents a discussion of environmental effects and quantified indicators,
organized by type of transportation activity.

Chapter 3: Highway Indicators
Chapter 4: Rail Indicators
Chapter 5: Aviation Indicators

Chapter 6: Maritime Indicators

Data | ssues

Chapter 7: Data Availability and Next Seps — This chapter identifies the major environmental databases
used to track the environmental impacts of transportation and develop the indicators presented in this
report. It aso highlights data gaps and potential next steps.

1.2 DEFINITION OF INDICATORS

Theterm "indicator" is used throughout this report to refer to quantitative estimates of the magnitude or
severity of aproblem or issue. Indicators may be based on measurements or modeling. National estimates
of environmental impacts are typically derived from modeling or other methods of extrapolation from
local or site-specific data.

WHAT INDICATORS CAN DO

Indicators can be extremely useful in guiding transportation and environmental policy discussions. They
can:

Assess the magnitude of environmental problems — Indicators can highlight environmental
problems by providing information on the largest sources of environmental problems. By
identifying the full range of impacts, indicators can also provide a broad perspective on
environmental issues.

Help set priorities — By identifying problems and the share of problems caused by specific
activities, indicators can help set priorities, particularly for research and among issues needing
new or improved policies.

Develop performance measures and track progress toward environmental goals — Ideal
indicators can be tracked consistently and reliably tracked over time, and used to develop
measures of environmental performance and track progress toward meeting targets.

Educate policymakers, transportation and environmental stakeholders, and the public — By
providing information on the contribution of transportation to environmental problems, indicators
can help inform the public about environmental issues in transportation.

WHAT INDICATORS CANNOT DO

It isimportant to keep in mind that indicators can be misapplied so care should be taken to consider their
limitations. Briefly, indicators cannot serve the following purposes:
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I solate effects of individual regulations - Indicators may show improvement in a certain area
(e.g. mobile source air emissions and air quality) but generally will not describe the root causes
underlying that improvement. In other words, they may show the net results, but not why the
situation improved. For example, indicators may show decreasing air emissions, but these could
result either from policy-driven per-mile emissions reductions or from reduced travel due to
recession or rising fuel prices.

Provide an economic analysis - Indicators do not provide information about the benefits of
travel and related activities. For example, deicing salt application has significant environmental
impacts, but is beneficial in allowing travel and saving lives during storms. Indicators say
nothing about the costs or benefits of policiesthat might aleviate such environmental impacts.

Define acceptable levels of impact or rates of progress - Indicators may describe objectively the
amount of impact or rate of progress, but subsequent policy decisions must be made about
whether a given impact or rate of progressis acceptable. Indicators of environmental impact
should not be used alone for setting priorities for regulatory action. Instead, cost-effectiveness of
policy options should be considered.

TYPES OF INDICATORS
This report uses athree-stage framework for identifying environmental indicators:

Outcomes
Outputs
Activities

These stages are shown in Figure 1-1. Transportation-related activities— infrastructure construction,
vehicle manufacture, travel, maintenance and support, and disposal — result in releases of pollutants or
damage to habitats. These outputs, in turn, have human health or welfare effects.

Indicators can be developed at each of these stages. Ultimately, people care about environmental
outcomes; however, because of data gaps and the difficulty associated with isolating transportation’ s share
of animpact from that of other sources, outcome indicators often are not available. Each type of indicator
is described below with a short synopsis of strengths and weaknesses and examples of indicators.

OUTCOME INDICATORS

Indicators of outcomes are measures of end results. They provide quantitative information on health,
environmental, and welfare effects resulting from transportation. Outcome indicators are desirable
because they provide information about the effects that people care about. Unfortunately, quantified
estimates of environmental outcomes are often unavailable or uncertain. Also, it isfrequently difficult to
separate the effects of transportation from other sources. In practice, many outcome indicators are subject
to uncertainty or are qualitative in nature. For example, the number of states identifying highways asa
source of habitat loss could be considered an outcome indicator because it provides a sense of magnitude
about highway construction impacts on ecosystems. However, states may determine sources of habitat
loss differently and the indicator does not say exactly how much habitat acreage has been lost. Other
examples of outcome indicatorsinclude:

Number of wildlife deaths
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Changes in the abundance of species

Number of cases of illness or mortality

OUTPUT INDICATORS

Output indicators provide information on the amount of releases, emissions, or incidents that are
associated with environmental damage, or the amount of land or resources consumed. They do not
quantify the actual damage that takes place, but provide information about outputs that are known to be
associated with human health, environmental, or welfare effects. Measurements, models, or other
methodol ogies are often available to estimate outputs consistently over time. Examples of outcome
indicators include:

Quantity of pollution emitted or released

Number of hazardous materias incidents

Levelsof noise

ACTIVITY INDICATORS

Activity indicators provide information about the extent of activities that are known to produce adverse
environmental effects. Activity data tend to be the most readily available of al indicators. Examples
include:

Number of lane miles constructed

Number of vehicles manufactured

Number of vehicle miles traveled

Quantity of deicing chemicals purchased (minus inventories)
While activity data are readily available, they are limited as environmental indicators because activities
do not always correspond directly to environmental harm. For example, all else equal, increasing vehicle
travel should produce greater quantities of pollutant emissions; however, motor vehicle emissions have
been declining since the 1970s despite significant increases in vehicle travel because emission control

technologies have improved. Likewise, a number of industries have significantly reduced pollutant
outputs through improved technol ogies and pollution prevention.




Figure 1-1. Effects of Transportation and Related Activities on the Environment
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IDEAL INDICATORS OF TRANSPORTATION IMPACTS
Anided indicator:

Focus on end results — Information should be provided on outcomes, such as number
of illnesses caused, not outputs or activities that cause outcomes

I solate transportation’s share of the impact — The indicator should identify the effect
of transportation rather than providing an estimate of environmental quality that may
depend on numerous sources

Be reasonably certain — Although modeling may be necessary to estimate the national
effect, the indicator should be generally agreed upon as reasonably accurate and reliable

Be stated in meaningful units— Theindicator should be presented in units that allow
comparison to other sources of a problem or to agoal

In practice, there are tradeoffs between these traits. Although outcome indicators are the most
desirable type of environmental information, data on environmental outcomesistypically not
available or tracked consistently. When outcome measures are available, it is often impossible to
identify the contribution of transportation separately from other sources. For example, one
measure of outcomes for air quality isthe number of people living in areas that do not meet one
or more of the national ambient air quality standards (NAAQS). However, even if we know how
many people are exposed to poor air quality, this figure does not tell us about the contribution of
transportation to the problem. The estimation of health and welfare effects, such as the number of
cases of respiratory problems associated with transportation-related pollution, can also be the
subject of significant debate.

In general, the best available indicators of transportation’simpact tend to be output indicators —
measures of the quantity of pollution emitted or released, or the number of incidents known to
cause environmental damage. Estimates of outputs tend to be estimated, reported, or tracked more
consistently than outcome measures. As aresult, this report focuses primarily on output
indicators. It isimportant, however, to keep end results in mind when examining output
indicators. Not al emissions or releases are equal; health and environmental results depend on
exposure to pollution and other factors, such as the location and time of releases. In this report,
activity indicators are presented when output data are unavailable.

1.3 PRESENTATION OF ENVIRONMENTAL INDICATORS

The following sections of this report present information on the environmental consequences
associated with four modes of transportation: highways, rail, aviation, and maritime transport. A
summary chapter highlights the effects of transportation on the environment and the relative
magnitude of impacts from each mode. Individual chapters for each mode follow the summary
chapter. In the modal chapters, subsections focus on the effects of each transportation activity —
infrastructure construction; vehicle manufacture; travel; operations, maintenance, and support;
and disposal.
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Each environmental impact is presented with:

Description of Impact — A brief discussion of environmental effects relating to
transportation activities. The focus here is on processes that cause environmental outputs
(generally, emissions, releases, or incidents), not on why the outputs are harmful (e.g., a
brief discussion of sources of air pollutant emissions from aviation travel, not how
different air pollutants affect health and welfare). An overview of each pollutant and the
contribution of transportation is provided in the summary chapter at the end of this
report.

Impact Factors — A list of some of the primary factors that affect the magnitude of
environmental impact.

I ndicators of Environmental I mpact — The key indicators that have been quantified are
presented. Because of data availability, output indicators predominate. Outcome
indicators are presented when avail able; activity measures are presented when output
information is not available.

10



2. TRANSPORTATION INDICATORS SUMMARY

This chapter summarizes national indicators of the environmental impacts of transportation.
Transportation is defined broadly here to include transportation infrastructure construction and
travel on the nation’ s transportation system, as well asrelated activities, such as transportation
equipment manufacturing, infrastructure maintenance, and vehicle support. This chapter identifies
the contribution of the transportation sector as awhole to specific environmenta problems.
Quantitative indicators and trends are presented, as available.

The availability of datafor tracking the environmental impacts of transportation varies greatly for
different aspects of the environment and types of transportation activities. Air pollution and
greenhouse gases from travel are among the most well understood impacts of transportation, and
estimates of emissions from travel have been quantified by mode. Many other environmental
effects, such as the impacts of transportation systems on habitat fragmentation and water quality,
have not been fully quantified nationally. In most cases, impacts associated with activities such as
transportation equipment manufacturing and facility maintenance have not been tracked
consistently or aggregated to the national level.

In this chapter, indicators are presented on nine environmental topics:

. Criteriaair pollutants;

. Toxics;

. Greenhouse gases,

. Chlorofluorocarbons and stratospheric ozone depletion;
. Habitat and land use;

. Water quality;

. Hazardous materials incidents;

. Noise; and

. Solid waste.

This chapter compares the relative contribution of different transportation sources, modes, and
activities to each of these environmental issues. The chapters following this one provide more
detail on each mode of transportation: highway, rail, aviation, and maritime.

2.1 CRITERIA AIR POLLUTANTS

Criteria pollutants are those for which the U.S. Environmental Protection Agency (EPA) has
established National Ambient Air Quality Standards (NAAQS) to protect public health and
welfare. There are seven criteria pollutants with primary standards: ozone (Os), carbon monoxide
(CO), nitrogen dioxide (NO,), sulfur dioxide (SO,), lead (Pb), particul ate matter with

11
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aerodynamic diameter less than or equal to 10 micrometers (PM ), and particulate matter with
aerodynamic diameter less than or equal to 2.5 micrometers (PM,s).! Health effects of these
pollutants vary but include respiratory and cardiopulmonary problems, headaches, reduced
learning ability, and premature mortality. These pollutants also contribute to acid rain, reduced
agricultural yields, harm to vegetation, damage to building materials, and decreased visibility.

The effect of motor vehicles on air quality is one of the most recognized environmental
implications of transportation. Recognizing the magnitude of the problem, regulations under the
Clean Air Act and Amendments have dramatically reduced motor vehicle emissions of major
criteria pollutants. The U.S. Environmental Protection Agency tracks air quality trends through an
extensive monitoring network and maintains a program to estimate and track emission trends.
Emission estimates provide an indication of how much pollution is being released by different
types of sources, while monitored air quality data provide an indication of the severity of an air
quality problem.

Monitoring data from across the U.S. show dramatic decreasesin air pollutant concentrations
since the early 1970s. Between 1978 and 1997, concentrations of ozone (one-hour) have fallen
by 30 percent, carbon monoxide concentrations have fallen by 60 percent, and lead concentration
have fallen by 97 percent. Between 1988 and 1997, the total number of days exceeding air quality
standards has dropped 56 percent in Southern California and 66 percent in the rest of the United
States.? These dramatic improvementsin air quality have been due in part to significant
reductions in transportation-related emissions, as presented below. Still, air pollution problems
remain through large parts of the country, and transportation remains a significant contributor to
this problem.

EMISSIONS FROM TRAVEL

Transportation contributes to air pollution primarily through the release of pollutants during the
fuel combustion process. Pollutants are also emitted during the refining and processing of fuels
and fuel evaporation. Transportation

sources consumed about 66 percent of Figure 2-1: Share of CO Emissions from Transportation, 1997
the petroleum used inthe U.S. in 1997.2 Recreational boats, %

Heavy duty motor vehicles
9%

Carbon Monoxide

Combustion of fuel during travel isa
major source of carbon monoxide (CO) Travel Light duty motor vehicles
emissions, contributing about 61 percent 61% 85%

of al CO emissions nationwide. Motor
vehicles are the primary transportation
source of CO emissions, contributing
about 94 percent of travel emissions.

Source: U.S. Environmental Protection Agency. National Air
Pollutant Emission Trends, 1900-1997.

1 The new PM 5 and ozone standards are on hold under court order as of the date of publication of this
report.

2U.S. Environmental Protection Agency. National Air Quality and Emission Trends Report, 1997.

pp. 9, 63.

3 U.S. Department of Energy. Transportation Energy Data Book: Edition 18. Table 2.5.
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SUMMARY

Carbon monoxide has become less of anational air quality problem over the past twenty years as
CO concentrationsin the air have decreased by 60 percent nationwide. In 1997, only three
counties (Los Angeles County, CA; Fairbanks, AK; and Imperial County, CA) had monitoring
sites that failed to meet the NAAQS for CO. Declining transportation emissions have contributed
significantly to the reduction in total CO
emissions. Carbon monoxide emissions from
transportation fell by 41 percent between 1970
and 1997, compared to an 11 percent reduction
in emissions from non-transportation sources
over thistime period. Contributors to reduced
CO emissions from motor vehicles include
national standards for tailpipe emissions, new
vehicle technologies, and use of oxygenated
gasoline.

Figure 2-2: CO Emissions from Travel, 1970-1997
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Although exceedances of the CO standard have
fallen significantly, high concentrations of CO
often occur in areas with heavy traffic
congestion. In cities, as much as 95 percent of
al CO emissions may come from on-road

Source: U.S. Environmental Protection Agency.
National Air Pollutant Emission Trends, 1900-1997.

vehicles.

Figure 2-3: Share of VOC Emissions from Transportation, 1997
Ozone and its Precursors Solvent use in vehicle _ Recreational boss, &%
Ground level ozone (O3) isthe most e RTINS e aircralt 6
pervasive air pollution probleminthe U.S. g Heavy duty motor vehicles
Despite a 30 percent drop in one-hour
0zone concentrations in the air between Travel
1978 and 1997, about 47.9 million 31%
Americanslived in 77 counties with ozone
concentrations above the pre-existing Light duty motor vehicles
NAAQSin 1997. About 101.6 million
Americanslived in counties with ozone
concentrations above the level of the new

eight-hour ozone NAAQS. Source: U.S. Environmental Protection Agency. National Air
Pollutant Emission Trends, 1900-1997.

Ozoneisformed in the atmosphere
through the reaction of volatile organic Figure 2-4: Share of NOx Emissions from Transportation, 1997
compounds (VOCs) and oxides of
nitrogen (NOy) in the presence of heat and
sunlight. Ozone and these precursor
pollutants can be transported by prevailing
weather patterns to an area hundreds of
miles away from pollution sources.

Recreational boats, 1%
Freight ships, 3%
Aircraft, 2%

Rail, 11%

Heavy duty motor vehicles
26%

Travel
36%

Transportation isamajor source of the
volatile organic compounds and oxides of
nitrogen that contribute to ozone formation.
Transportation sources emitted 31 percent

of VOCs and 36 percent of NOy in 1997, as Source: U.S. Environmental Protection Agency. National Air
Pollutant Emission Trends, 1900-1997.

Light duty motor vehicles
57%
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INDICATORS OF THE ENVIRONMENTAL IMPACTS OF TRANSPORTATION

shown in Figures 2-3 and 2-4. VOCs are Figure 2-5: VOC and NOx Emissions from Travel,
emitted both from fuel combustion and 1970-1997
fuel evaporation. Service stations and 16,000
solvent use in vehicle manufacturing and .
refinishing also emitted significant 2 12,000
amounts of VOCs. Diesel vehicles emit 2 NOx
NOx at much higher rates than gasoline 2 8000 4
vehicles; as aresult, heavy-duty motor 2
. - 3 voC
vehicles and rail are much larger 3 4000
contributors to NOyx emissions than to £
emissions of VOCs. o
S - - - -
Significant progress has been madein g 32 32 2 3 3 3 2 2 3

reducing VOC emissions from
transportation, and VOC emissions from
transportation sources have dropped 56
percent between 1970 and 1997, in
comparison to a 24 percent reduction from non-transportation sources. Most of the tonnage
reduction has come from light-duty motor vehicles.

Source: U.S. Environmental Protection Agency. National Air
Pollutant Emission Trends, 1900-1997.

In contrast, NOx emissions have proven more difficult to control. Nationally, NOx emissions
increased by about 11 percent between 1970 and 1997. NOy emissions from transportation
increased 5 percent over thistime period. Most of the increase in NOy from transportation came
from non-road sources, like rail, aviation, and maritime transport. NOy emissions from motor
vehicles actually dropped 5 percent between 1970 and 1997, despite a 127 percent increase in
vehicle milestraveled.

Lead

In the early 1970s, automobiles were the Figure 2-6: Lead Emissions from Travel,

1970-1997

major contributors of lead (Pb) emissionsto

the atmosphere. As aresult of EPA’s 240,000

regulatory effortsto remove lead from 200,000 |

gasoline, transportation sector emissions of

lead have declined dramatically, leading to @ 160,000

the virtual elimination of lead as an ambient 2 120000 |

air quality problem. Concentrations of lead in E 40000
(%] ’

the air decreased by 97 percent between 1978
and 1997, with total emissions of lead down 40,000 |
98 percent between 1970 and 1997.

1970
1973
1976
1979;
1082
1985
1988
1901
1994
1997

Today, metals processing is the major source

of lead emissions and the highest ambient air
concentrations of lead are found near ferrous
and nonferrous smelters, battery
manufacturers, and other stationary sources.
Aviation is now the only major source of lead emissions from the transportation sector. Because
industrial processes are now responsible for al violations of the lead standard, EPA’s lead
monitoring now focuses on these point sources.

Source: U.S. Environmental Protection Agency. National
Air Pollutant Emission Trends, 1900-1997.
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SUMMARY

Particul ate Matter

Particulate matter is the term used to describe a mixture of solid particles and liquid droplets
found in the air. These particles vary widely in size and can remain suspended in the air for
extended periods. EPA has established a National Ambient Air Quality Standard (NAAQS) for
both coarse particles under 10 microns in diameter (PM o) and fine particles under 2.5 micronsin
diameter (PM,5). Fine particles are thought to be most harmful to human health because their
small size allows them to penetrate the lungs, resulting in decreased lung function, increased
respiratory symptoms and disease, and premature death. PM is also the major cause of reduced
visibility in parts of the U.S., and can adversely affect plants, animals, and materials. PM can be
emitted directly or formed in the atmosphere as aresult of reactions of SOy, NOy, and other

gases.

Most particulate matter emissions
come from sources that are not
traditionally inventoried, such as
wind erosion, fugitive dust from
paved and unpaved roads, and
agriculture. Travel contributes
more toward fine PM (PM5) than
to PMy, but still makes up just
about 4 percent of PM,semissions
nationally, as shown in Figures 2-
7 and 2-8.

Particulate matter emissions tend
to be associated most with diesel
engines, so heavy-duty motor
vehicles are the largest source of
transportation-related PM
emissions. In contrast to their
share of most other pollutants,
light-duty motor vehicles make up
arelatively small portion of
transportation emissions.

Direct emissions of PM ;o from the
transportation sector declined by
26% between 1970 and 1997.
Emissions from non-
transportation sources have falen
due to controls on industrid
sources and construction

Figure 2-7: Share of PMjo Emissions from Transportation, 1997

Recreational boats, 8%
Freight ships, 8%

Unpaved
Paved Road Dust
Road Dust 37%
7%

Aircraft, 10%
Rail, 7%
Travel
1% Heavy duty motor vehicles
41%

Light duty motor vehicles
26%

Source: U.S. Environmental Protection Agency. National Air
Pollutant Emission Trends, 1900-1997.

Figure 2-8: Share of PM,sEmissions from Transportation, 1997

Recreational boats, 9%
Paved
Road Dust
8%

Freight ships, 7%

Unpaved

Road Dust
22%

Aircraft, 9%

Rail, 8%

Heavy duty motor vehicles

46%
Travel 5

4%

Light duty motor vehicles
21%

Source: U.S. Environmental Protection Agency. National Air
Pollutant Emission Trends, 1900-1997.

activities, as well as measures to reduce street dust emissions, including the use of clean anti-skid
materials like washed sand, better control of the amount of material used, and removal of material
from roads as soon as ice and snow melt.

15



INDICATORS OF THE ENVIRONMENTAL IMPACTS OF TRANSPORTATION

Sulfur Dioxide

Sulfur dioxide (SO,) isaless pervasive air quality problem nationwide compared to carbon
monoxide, ozone, and particulate matter. Over the period 1978 to 1997, concentrations of SO, in
the air declined by 55 percent. Fewer than 100,000 Americans lived in counties with air quality
concentrations above the level of the SO, NAAQS in 1997. Despite the small number of
exceedances of the SO, standard, sulfur dioxide emissions remains an environmental problem.
SO, contributes to particulate matter in

the atmosphere and acid rain. Figure 2-9: Share of SO; Emissions from Transportation, 1997

Transportation is arelatively minor B e Freiant ships, s
source of SO, emissions, contributing 2

about 3 percent of total SO, emissions / Aireraft, 2%
nationwide. Production and refining of Travel Rail, 17%
petroleum for transportation al so Heavy duty motor vehicles

14%

contributes about 2 percent of national
SO, emissions.* SO, is formed when fuel

containi ng sulfur — mai nly coa and oil ;;ﬁi,ht duty motor vehicles
— iS burnw ar]d durl ng metal ST]eI ti ng * Estimate is for 1996.

and (,)ther industrial Processes. The highest Source: U.S. Environmental Protection Agency. National Air
monitored concentrations of SO, are Pollutant Emission Trends, 1900-1997 and NET Viewer.

recorded in the vicinity of large industrial

facilities. In contrast to industrial sources, SO, emissions from transportation have trended
upward through the 1970s and 1980s, largely due to increases in emissions by ships and boats. A
substantial decline in heavy-duty vehicle emissions occurred, however, between 1992 to 1994.
EPA recently promulgated a new

rule that requires significantly

lower sulfur content for gasoline Fiaure 2-10: Transportation Emissions. 1970-1997
S . ' 2.00
which in turn will help to reduce
motor vehicles emissions of 1.75
VOCs, CO, and NOx since sulfur 50
in gasoline inhibits the g -
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Trends in transportation
emissions, 1970-1997, are shown
in Figure 2-10. As described
above, there has been significant 0.00 +—
progressin reducing
transportation emissions of air

pollutants since the early 1970s. Source: U.S. Environmental Protection Agency. National Air
Pollutant Emission Trends, 1900-1997.
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* Petroleum production and refining emissions were estimated based on SIC codes 1311 (Crude Petroleum
and Natural Gas), 1381 (Drilling Oil and Gas Wells), 1382 (Oil and Gas Field Exploration Services), 1389
(Oil and Gas Field Services, NEC), and 2911 (Petroleum Refining) (Source: U.S. Environmental Protection
Agency. NET Viewer). This figure was then multiplied by 66.2%, the percent of petroleum used for
transportatio